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1. Summary 

The configuration control Board Directive (CCHC) entitled Orbiter/ 
Fay load Interface communications (Attachment 1) greatly increases 
the capability. of the Orbiter to communicate with a wide variety 
of projected shuttle payloads. However, rather than being derived 
from individual payload communication requirements, the COED appears 
to be based on an operational philosophy that requires the Orbiter 
to duplicate or augment the Ground Network/Payload communication 
links. This philosophy is not substantiated by the Space Shuttle 
Program Requirements Document, Level I, Rev. No. 6 (Attachment 2). 
Orbiter capabilities with the implementation of the COED should 
be reviewed and compared with the Level I Frogram Requirements 
Document, any, differences reconciled, and interface characteristics 
defined . 

With or without the CC3D, many incompatibilities between Orbiter 
capabilities and projected payload characteristics appear to 
exist, as indicated by the entries accompanied by asterisks in 
Tables 2 and 3* Interfaces between Shuttle and payloads should be 
reviewed jointly by JSC and cognizant representatives of the 
"payload community" and any incompatibilities eliminated. 

2. Introduction 

In response to a Program Office request, a study of the Orbiter/ 
Payload data and communications interface Impact resulting from 
RECP RC0686A has been performed from an operational perspective. 
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The study was initiated with the objective of providing an independent 
assessment of the necessity of the changes proposed in the RECP. 

The CCH) implementing portions of the REJP is contained in Attachment 1 
and has been used as the basis for this study. 


3. Orbiter/Pavload communication Baseline 

Table 1 presents a summary of the Orbiter/Payload interface require- 
ments delineated in the CC3D vs. the baseline requirements. A pre- 
liminary attempt at implementing the CZ3D requirements into the 
affected Orbiter hardware design at the signal flow level has been 
performed by JSC and support personnel and is shown in Figures 1 and 2. 

4. Payload Communication Requirements 
A. Basis for Requirements in JCBD 

In an attempt to identify which specific payloads generated the 
individual requirements reflected in Attachment 1, personnel at JSC, 
MSFC, GSFC, JPL, and Langley were contacted. It was not possible 
to assign specific requested changes to particular payloads or groups 
of payloads; rather, it was universally stated that the requirements 
given in Attachment 1 were generated from consultations among re- 
presentatives of the payload community and that they reflect the 
minimum requirements governing payload design |i. e., they represent 
the Network (STDN, DSN, and SCF) Communication Standards and Tracking 
Data Relay Satellite System (TRRSS) User's Guide Requirements]] . 

It was considered necessary that the Orbiter implement the same 
functional capabilities as the Ground Networks and the TDRSS so that 
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Orbiter-to-Payload communications could be accomplished in the same 
manner as P ayload-t o-Ground communications . Specific, detailed, 
documented payload requirements necessitating augmentation of the 
Ground/Payload link with a Ground/Orbiter/Payload or Orbiter/Payload 
Link were not available. Several generalized reasons for this 
capability such as crew safety, increased communication coverage, 
and payload checkout by the Orbiter were mentioned by representatives 
of the "payload community." 

Space Shuttle Traffic Model TM X-64751 Rev. 2 (Reference 7) shows 
a total of 986 payloads, distributed as follows: 



NASA AUTOMATED 
NASA SORTIE 
NASA TOTAL 

221 

286 

507 
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NON-NASA AUTOMATED 
NON-NASA SORTIE 
NON-NASA TOTAL 

125 

50 

175 



DOD 


304 

. 


SUM TOTAL 

• 

986 



• # 
The sortie and DOD payloads account for a minor portion of the overall 

requirements represented by the CCED. The automated (detached) payloads 

(total, 346) account for the greater part of the changes - particularly 


the ones with greatest overall Program cost Impact ^selectable modulation/ 
RF configurations (part 1 of CC33) , many new command and bit rates 
(parts 2 and 4), and pre-launch payload direct RF link (part 6^] • 

All of this group except part 6 imply operational use of the Orbiter 
as an extension of the STDN and TORS, rather than as a delivery/retrieval 
conveyance and limited in-orbit checkout support vehicle. 
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fl. Payloads Conanand Telemetry Requirements 

Tables 2 and 3 show payload requirements extracted from KSFu Level A 
Data documents Summarized I. : asa Fayload Descriptions (Preliminary) 
for Automated (Detached) and Sortie (Attached) Payloads (References 
3 and 4, respectively). No comparable 'descriptions could be 
located for DOD payloads. Foreign Automated payloads are included 
in the Level A Automated Payload Data document, but foreign 

m 

Sortie payloads are not in the companion Level A Sortie Payloads 
document; the latter are in a separate European Space Research 
Organization (ESRO) Space Shuttle Fayload Description (SSPD) document 
which was not available for this study. However, the author of 
the Automated Payloads Level A document stated that the foreign 
Sortie Payload communication requirements are very similar to 
those given in the Sortie Payloads Level A Data document. 

As shown by Tables 1 and 2, many bit rates required for payload 
commands and telemetry, according to the MSFC Level A Payload 
Data documents (reference 3 and 4), are not available in either 
the current baseline Orbiter T&C system or in the new baseline 
as it will exist with the implementation of Attachment 1. Also, 
in those cases where a wide-band communications link is implied, 
it is characterized as X-Sand rather than the currently-planned 
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pace Shuttle Frorrar.' Requirements 
The Space Shuttle Program Requirements Document. Rev. No. 6 
(Attachment 2) was used to assess the operational requirements 
levied on the Orbiter by NASA OKSF. Fertinent sections or parts 
of sections are repoduced here for the convenience of the reader 
(underlining by author of this study). 

3.0 OPERATIONAL REQUIREMENTS 

3.1 General. The Space Shuttle System shall be designed to 
accomplish a wide variety of missions. The Shuttle System 
weight carrying capability into circular orbit shall be 
based on the performance required to execute mission 3A. 
The equivalent maximum performance is shown in figures 
3*1 and 3.2 for the range of inclinations and altitudes 
indicated. The payload capability curves assume a simple 
deployment mission with no rendezvous, 22 fps (6.9 m/sec) 
OMS Reserves, 4,500 lbs. (2.041 kg) of RCS propellant, 
and direct deorbit. (Reentry performance restrictions 
are addressed in Par 2.4. Detailed Shuttle System per- 
formance questions should be addressed to the JSC Shuttle 
Program Office). 

Space Shuttle missions will involve direct delivery 
of payloads to specified low Earth orbits ; placement of 
payloads and transfer stages in parking orbits for sub- 
sequent transfer to other orbits f rendezvous and station 
keeping with detached payloads for on-orbit checkout y 
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return of payloads to Earth from a specified orbit; 
and provisions for routine and special support to space 
activities such as sortie missions, rescue, repair, main- 
tenance, servicing, assembly, disassembly and docking. 

4.0 ORHITER/FAYLOAD INTERFACE REQUIREMENTS 

4.1 Payload Definition. Payloads referred to throughout this 

document are construed as the collective grouping of space 
hardware items such as: Spacelab, experiments, research 

equipment, satellites, support modules, adapters and 
fueled trar^fer stages or equipment, into appropriate 
composite flight packages. For definition of Shuttle/ 
Orbiter payload accommodations, refer to Space Shuttle 
System Fayload Accommodations Document. In the interest 
of maintaining minimum interface, (clean interlace philos- 
ophy). payload designs should, where possible be self- 
sufficient systems, capable of checkout before installation 
in the Orbiter and adaptable to standardized interface con- 
cepts .jointly developed between payloads and Space Shuttle . 

4.2 Checkout. Payload performance testing and payload system 
checkout will be required prior to installation. Payload 
checkout while on the launch pad will be minimized and 
physical access to the payload will be limited. On-orbit 
status checks of the payload will be provided via the 

• Orbiter prior to release and/or retrieval. 
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4.3 Data Management . The Orbiter shall provide standard 
displays and controls for monitorin£ the safety status 

of the payload. The payload shall provide to the Orbiter, 
at the interface, such information concerning the status 
or condition of the payload as is necessary to insure 
safe vehicle operation. Digital, discrete, and analog 
signals shall be conditioned by the payload and supplied 
to the Orbiter Vehicle. Such equipment and capability 
shall be chargeable to the payload. Fayload unique 
control and display accommodation with the Cr'oiter cabin 
shall be chargeable to the payload. A minimum standard 
interface shall be provided to exchange data for safety 
and payload status checks, and vehicle and operational * 
parameters, such as navigation, guidance and control. 
Additional support may be feasible during certain 
ode rational modes. 

4.4 Payload Communication. The Orbiter shall provide direct 
and relay telemetry, command, .and two-way voice cap- 
ability with attached payloads and with released payloads. 
The Orbiter shall be capable of receiving and displaying 
limited payload data including video information and the 

RF downlink shall provide for relay of these limited payload 
data. to the rround for both attached pavloacs and for re- 
leased payloads. 

e • 

IS 
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6 * wonclusionc and Reccmmenditicns 

No documented evidence could be found to indicate that the 
operational capabilities provided by the were derived directly 
from the requirements of individual payloads. Rather, it appears 
that they were drawn from ground network and TDRiS capabilities. 

The XSD therefore appears to be based on an operational philosophy 
that implies operational use of the Orbiter as an extension of 
the STDN, iCF, and TDR6S, rather than as a delivery/retrieval 
conveyance and limited in-orbit checkout support vehicle. This 
premise is not substantiated by the Level I Space Shuttle Pro-- ram 
Requirements Document. Rev. I.'o. 6 . which requires a minimum standard 
interface. The need for Orbiter-in-the-loop Ground/Fay lead 
communications should be investigated. Perhaps the Orbiter could 
perform limited payload checkout via hardline prior to payload 
deployment and control could be shifted to direct Ground/Fayload 
RF link or relay via TDRS. Generalized payload requirements 
cited to justify the CJHD relative to crew safety, unbroken communications 
during deployment, and communications contact time should be 
substantiated and documented on an individual payload basis. 

If it is considered mandatory to implement the CCS), alternative 
methods of achieving the RF and modulation capabilities should 
be investigated - for example, mission-specific configuration 
employing ''plug-in" modules for different RF channels and modulation 
schemes. This might significantly reduce initial Program costs 
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associated with Orbiter/Fayload interface requirements , and 
facilitate the incorporation of advances in technology during 
the life of the Program. 

Many apparent incompatibilities remain to be eliminated. For 
example, many command ana telemetry bit rates reflected in 
Reference 3 and 4 (summarized in Tables 2 and 3) are not in- 
cluded in the current baseline, nor are they accounted for in 
the JJ3D. Also, there are several references to 1-Band RF for 
automated payloads . 

The interface should be reviewed jointly by JSC and cognizant 
representatives of the "payload community" and any incompatibilities 
eliminated to avoid possible "surprises" later. 
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CVHENT BASELINE 

NEW CCBP 

CAPABILITIES 

CAPABILITIES 

NASA 

NASA 


?*: :c:?.135 tu 2115.614 MHz (20 CH) 
4.60/. 7!Hz INCREMENTS 
Rx: 2202.5 to 2297.5 MHz .(20 CH) 

5.0 MHz. INCRSIENTS 


POD 

TX: 1763.721 to 1839.795 MHz (20 CH) 
4.004 MHz INCREMENTS 

RX: 2202.5 to 2297.5 MHz (20 CH) 

4.0 MHz INCREMENTS 


Tx: 

Rx: 


P/I wTTH 


20^5 to 2110 MHz (739 CH) 
* "115.1 KHz INCREMENTS 

2200 to 2290 MHz (721 CH) 
125 KHz INCREMENTS 


P/L WITH TDR33 MULTIPLE ACCESS 
| Tx: 2092.59375 or 2106.40625 MHz 
Rx: 2272.5 or 2287.5 MHz 


P/L WITH DEEP SPACE IISTWORK 
TX: 2110.243056 to 2119.792430 MHz (29 CH) 
341,049 Hz INCREMENTS 


RX: 2290.185185 to ‘2299.314815 MHZ (27 CK) 
370,370 Hz. INCREMENTS 

P/L WITH 0RBITER/TDR5S 
. TX: 2028.1354 to 2115.6145 MHz (20 CH) * 
4.6041 MHz INCREMENTS 
RX: SAME 


POD 

P/L WITH AIR FORCE 5GLS 
TX: SAMS 


< RX: SAME 

i 

I 


* ESSENTIALLY- THE SAME AS CURRENT BASELINE. 


Ss*. 
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.TABLE 1 (Continued) 
• ORBITER 
SELECTABLE MOBU VTION 
FOP. PAYLOAD INTt^FACE 


CURRENT BASELINE 
CAPABILITIES 


NEW CCBD 
CAPABILITIES 


fiMA 




N 

AS 


Tx: PCM (Bi-0-L)/PM 
Rx: PCM (Bi-0-L)/PM 


WITH STDN 


Tx: PCM/PSK /PM 

S/C: 30 KHz and/or 70 KHz 

Rx: PCM/PM/PM 

S/C: 48, 64, 128, 192, 256, 384 
576, 768, 1024, 1600 KHz 

P/L WITH TDP3S MULTIPLE ACCESS 
Tx & Rx: PCM/PRL'/PSK 

SPREAD SPECTRUM 

P/L WITH DEEP SPACE NETWORK 
Tx:- PCM/PSK/PM 

S/C: ANY EXISTING DSN UPLINK S/C 

Rx: PCM/PSK/PM 

S/C : ANT EXISTING DSN DOWNLINK S/ 




ORFITER 


8 KBPS COMMAND OR 8 KBPS COMMAND 
PLUS 32 KBPS A-MOD 70ICE 
Rx: TDM/PSK 

16 KBPS DATA OR 16 KBPS DATA 
PLUS 32 KBPS A-KDD VOICE 


Tx: FSK/AM Tones (65, 76, 95 KHz)/m 
Rx: PCIVPSX/PM (PSK DATA ON 1.024 MHz 
subcarrier) 


P/L WITH AIR FORCE SOLS 
Tx: ON-OFF KEYED, AM TONES (65, 76, 9 
Rx: PCM/PSK/FM (DaU on 1.024 MHz S/C 
and PCM/PSK/FM or 
fDHG-FM/FM)/TM (DaU on 1.7 MH 
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TABLE 1 (Continued) 
ORBITER/ 

PATLOAD COMMAND BIT RATES 


* 

CURRENT BASELINE 


ADDED CCED 


CAPABILITIES 


CAPABILITIES 

NASA: 

2 KBPS 

NASA: 

DETACHED & ATTACHED 


• 


1,2,4,8,16,32,64,128 
256,512 and 1000 BPS 
(3.84 KBPS ATTACHED ONLY) 

DOD: 

2 K-BAUD 

DOD:. 

1 K-BAUD 


ORBITER/ 

PATLOAD TSLEI2TRY BIT RATES 
FOR PATLOAD INTERFACE 


CURRENT BASELINE 
CAPABILITIES 

NASA: 

16 KBPS 


DOD: 

16 KBPS 



ADDED CCBD 
CAPABILITIES 


NASA: 8 THROUGH 128 BPS INCLUSIVE 

IN 1-BPS INCREMENTS; AND 
1,2,4 and 8 KBPS 

NOTE: (JFL INDICATES THAT THE 1-BPS 

INCREMENT WILL BE CHANGED TO 
2-BPS INCREMENTS) 


DOD: 


250 BPS, 500 BPS, and 1,2,4 
8 AND 10 KBPS 


ORBITER/ 

PAYLOAD COMMAND HARDLINE INTERFACE ' 


CURRENT BASELINE 

• ADDED CCBD 

CAPABILITIES 

CAPABILITIES 

NASA: HI-0-L DATA LINE 

NASA: NRZ-L DATA LINE, CLOCK LINE, AND 


P/L ENABLE LINE 

DOD: FSK/AM TERNARY SIGNAL AT A 2 K BAUD 

DOD: 3 DATA LINES (1, 0, S) AND CLOCK , 

RATE 

LINE 




t 


. I 


I 


X 


TABLE 1 (Continued) 
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ft 


ORBITER/ • 

PAYLOAD TELEMETRY HARDLINE INTERFACE 


CURRENT BASELINE 
CAPABILITIES 

• 

ADDED CCBD 
CAPABILITIES 

NASA: Bi-0-L 

NASA: 

i 

NRZ-L PLUS CLOCK 

DOD: NP.Z-L PLUS CLOCK 

DOD: ' 

SAME 

(CLEAR OR SECURE) 

NOTE: 

DSIETE THE REQMT FOR ORBITER 

- 

• 

TO RECEIVE MAJOR AND MINOR FRAME 

SYNC INPUTS. . , 

• • 


ORBITER/ 

PAYLOAD DIRECT RF LINK - PREUUNCH 


CURRENT BASELINE 
CAPABILITIES 

1 

ADDED CCBD 
CAPABILITIES 

NONE 

s 

1) DIRECT RF COMM (TX & RX BETWEEN 
P/L's IN THE ORBITER P/L BAY 
(DOORS OPEN OR CLOSED) & P/L's 

GSE DURING PRELAUNCH. j 

, 

2) RF RADIATION INSIDE THE BAY WILL NOT { 
BE DETRIMENTAL TO OTHER SYSTEMS, 

~ SUBSYSTEMS, OR P/L»s 

• 3) S-BAND LINK VIA THE PA'3 ANT. 

NOTE: THE LINK. SHALL NOT REQUIRE 

AN ACTIVE ORBITER COMM SYSTEM 
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TABLE 2 - AUTOMATED PAYLOADS (CONTINUED) 



Bit rate or RF Incompatibility 
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CONFIGURATION 2 6 

CONTROL BOARO DIRECTIVE nci or 

CONTINUATION SHEET 


1. Selectable Modulation/RT Configurations ; 

a. Provide additional modulation/RF frequency capabilities to 
accommodate each of the five classes of payloads defined below. Carrier 
and subcarrier frequencies, and modulation schemes, as defined below, 
will be selectable by both onboard and ground comnand. Adequate control 
and display parameters should be provided to allow system status display both 
onboard and via telemetry to the ground. 

. (l) Payloads Compatible with STDN: 

Forward Link: 

Modulation - PCM/PSK/FM (date on 30- kHz and/or TO- kHz 
aubcarrier) 

Carrier Frequency - 2025 to 2110 MHz in 115-1- kHz increments 

Beturn Link: ' “ 

Modulation - PCM/PM/PM (date on one of the following 
eubcarriers: 4 8, 64, 128, 192, .256, *384, 

576, 768, 1024, 1600 kHz. 

Carrier Frequency - 22fO to 2290 MHz in 125-kHz increments 
(2) Payloads Compatible with TDRSS Multiple Access: 

Forward Link: 

Modulation - PCM/PHN/PSX (spread spectrum modulation at^. 
baseband) * 

Carrier Frequency - 2092.59375 or 2106.40625 MHz* 


Return Link: 

Modulation - PCM/PRIT/PSK (spread spectrum modulation at 
baseband) 

Carrier Frequency - 2272.5 or 2287-5 MHz* 

(3) Payloads Compatible with $he Deep Space Network: 

♦Only one of these frequencies will be selected during the TDPC3 design phase. 
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• • 

Forward Link: ' . ‘ ... 

Modulation - PC-I/PSK/pM (data on any existing D3N uplink 
subcarrier) 

Carrier Frequency - 2110.243056 to 2119.792^30 MHz in 

34l,049-Hz increments 

• ' • 

• Return Link: 

Modulation - PCM/P SK/PM '(data on any existing DSN 
downlink subcarrier) 

Carrier Frequency - 229O.I85185 to 2299* 8lL8l5 MHz in 

370,370-Hz increments 

(*•) Payloads Compatible vith Air Force SGLS: 

Forward Link: 

Modulation - Carrier to be* phase modulated by three 
ON-OFF keyed, amplitude -modulated tones 
(65, 7 6 , and 95 kHz)* 

Carrier Frequency - 1763*721 to 1839*795 MHz in 

4.004-MHz increments 

Return Link: ' 

Modulation - PCM/feSK/FM (data on 1.024-MHz subcarrier) 
and PCI-l/P SX/FM or (IRIG-FM/R-O/FM (data on 
# 1.7-MHz subcarrier) 

| . ’ Carrier Frequency - 2202 . 5 to 2297 • 5 MHz in 5-MHz 

increments 

. (5) Payloads Compatible with Orbiter/TDRSS: 

. Forward Link: 

Modulation - TEM/PSK (8-kbps command transfer rate 
(2 kbps information) or 8-kbps command 
transfer plus 32 -kbps d-modulated voice) 

Carrier Frequency - 2028. 135 1 * to 2115. 61U5 MHz in 

4.6o4l-MHz increments. 

• • * . 

I * * 

Return Link: 
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Modulation - TDl-l/PSK (l6 kbps data or l6-kbps data plus 

32-kbps A -nodulated voice . . 

• Carrier Frequency - 2202.5 to 2297.5 MHz in 5-MHz 

* . increments 

b. Signal processing (including channel encoding/decoding) and 
modulation/demodulation will be selectable by both onbodrd and ground 
command for each of the above payload types. 

c. Acquisition capabilities will be provided for each of the above 
payload types.* 

d. RF power output and receiver dynamic range will be selectable by 
both onboard and ground command for each of the above payload types. 

2. Selectable Command Bit Rates: 


Provide the capability of commanding payloads at the following selectable 
bit rates (only ‘the 8-kbps NASA command bit rate requires the capability 
to be time multiplexed with voice). The bit rates shall be selectable 
by both onboard and ground command. Status parameters shall be provided 
for onboard and ground personnel. 

a. NASA Payloads: * 

(1) Detached - 1, 2, 4, 8, 1 6, 32, 64, 128, 256, 512, 1000, 2000, 
and 8000 (2-kbps information rate) bps. 

.. . (2) Attached. - Same as detached, plus 3.84 kbps. 

. , . 0 

b. DQD Payloads: 1, 2 K-band in either a secure or clear mode. 

3. Command Hardline Interface: 


Provide the following hardline outputs to attached payloads: 

a. NASA Payloads: HRZ-L data line, Bijj-L data line, clock line, 

payload enable line. 

b. DQD Payloads: 1, 0, S data lines and clock line (clear and secure). 

4. Selectable Telemetry Bit Rates: 


•a. Provide the capability of receiving telemetry data from payloads at 
the following selectable bit rates. The bit rates shall be selectable by 
both onboard and ground command. Status parameters shall be provided for 

onh'vird and rrcv.ird rv*rsonncl. 
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(l) RASA Payloads: 8 through 128 “bps inclusive in i-hps 

increments; and 1, 2, 4, 8, and 16 kbps. 


(2) DOD Payloads: 250 bps, 500 bps, and 1, 2, 4, 8, 10, and 

16 kbps (clear and secure). • 


5. Telemetry Hardline Interface : 


Provide the capability to accept the J*olloving hardline inputs from 
attached payloads: 


a* RASA Payloads: Single line Bi^-L and HRZ-L plus clock, 

b. BOD payloads: NEZ-L plus clock (clear or secure). 


. Delete the requirement for Orbiter to receive major and minor frame 
sync inputs. 


6. Payload Direct EF Link — Pre launch: 


Provide the capability for direct RF communication (transmit and 
receive ) between payloads in the Orbiter payload bay (with payload bay 
doors open or closed) and the payloads GSE during the prelaunch mission 
phase. Design or protection shall be provided such that RF radiation 
inside the bay will not be detrimental to other systems, subsystems, 
or payloads. The link shall be S-band and shall interface with payload 
via the payload's antenna. The link shall not require an active Orbiter 
communication system. 


Rockwell shall submit appropriate SCR's to Exhibit A and MJ070-0001-1A- 
specification for NASA approval. 


Include in Transmittal Letter 


1. Within 30 days upon receipt of this CCA, the contractor shall prepare 
and submit a B&? proposal. The B&P shall include the following: 

a. Schedule of implementation. . . 

b. Provide cost and weight breakout by each of the six parts. 

c. Provide separate cost and weight breakout for implementation of 
the ground configuration control for payload communication with telemetry 
of system status to the ground. 


JSC f*lm MUR (Aar 13) 
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2. Reference Is made to JSC letter BC42-74/274, dated 8-2-7U, the 
request is hereby cancelled, paragraph of CCA covers this request. 


3. Reference letter 74MA204, SRR Payload Accommodation RID 11-A-la, 

Payload Ground Communications. This CC2D will close letter 74l'A204. 
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1.0 INTRODUCTION 

1.1 Purpose nnd Scope. The purpose *»!' this document is in «**»! tin* Level I program 

n-umrements t«*r Slum it ; r< »^rani These tire requirements established by the Director 

of the Sjiacc Shuttle Program a.> necessary in achieve j he objective ol the Space Shut lie Program, 
namely to: (nl reduce suhstanlialh the cost « *1 space operation*. and tl>) provide a capability * 
designed to support a wide range «»l scientilic. defense, and commercial uses. 

jAll Space Shuttle Program planning and direction of NASA Centers should he in accord with the 
jemiiremenis Mated heroin mile-* snocilir exception is approved in writing :i> an addendum to 
• jhoc Space shut Me requirements iv the Dire ctor ol the Snare Shuiile Program. 

1.2 Changes. This document will be controlled in accordance with approved Space Shuttle 
Program Directive No. 1. 

1.3 Related Documents. This document is in accord with the approved program approval 
document and program pian. Further detail pertaining to technical and operational requirements 
and to payload accommodations can be found in Level II documentation. 

2.0 SPACE SHUTTLE SYSTEM REQUIREMENTS 

2.1 Description. The Space Shuttle System flight hardware shall consist of a reusable Orbiter 
Vehicle including installed main engines, an expendable External Tank and reusable Solid . 
Rocket Boosters which burn in parallel with the main engines. The Orbiter Vehicle shall be 
capable of crossrange maneuvering during entry, aerodynamic flight and horizontal landing. 

2.2 Operating Life. As a design objective, the Orbiter Vehicle should be capable of use for a 
minimum of 10 years, and be capable of low cost refurbishment and maintenance for as many as 
500 reuses. 

2.3 Payload Bay Geometry. The payload hay shall he sized to have a.clear volume of 15 ft. 
(4.5 metersi diameter hy e»0 ft. (IS.:* meters) length. Payloads including their thermal and 
dynamic deflections shali be contained in an envelope equal to or less than 15 ft. (4.5 meters* in 
diameter and 00 ft. ( 1S.*J meters) length. Payload attachment tittingsnnd umbilical* shall extend 
beyond this envelope in order to mate with standard Orbiter fittings which are outside the 
payload envelope. A .*tanc.ard deployment mechanism and tie points shall be chargeable to the 
Orbiter Vehicle nnd shall not occupy the clear volume when slowed. Clearance lor deployment 
nnd Orbiter deflections shall be provided hv the Orbiter Vehicle. Available payload volume is 
reduced when the Orbiter Maneuvering System (QMS) incremental Delta V tankage or the 
docking module is carried. 

2.4 Payload Mass Accommodation. The Space Shuttle System shall be capable of operating 
within the up payload range from zero to B5.0PO lbs. (29.4S.t kg) for nominal launches and abort 
modes. Nominal down payloads shall he limited to .'12.000 lbs. (14.515 kg). The Orbiter Vehicle 
pavlond C.G. limits for longitudinal, vertical and lateral axes are shown in figures 2-1. 2-2 and 2- 
3. 
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2.5 Crew/Passenger Accommod 0 tions. The cabin shall be designed to accommodate a total 
crew of seven, three crewmen to operate *he Orbiter and up to lour payload specialists. The 
Orbiter shall he provisioned lor support nt these personnel lor 2h man davs and up to 42 man days 
with no system change. All crew sv.-tems (such as seats and intercoms) for crew size greater than 
four and all consumables tor dura'ion greater than 2S man days shall he provided in kit form and 
shall lie charged to payload. The design shall not preclude installation ot crew support equipment 
for a total ol 10 crew members as would be required to implement an Orhitcr-to-Orhiter rescue. 

2.6 Cabin Atmosphere. The Orbiter crew and passenger environment shall he a shirtsleeve, 
nominal 14.7 psi (Till) mm Hg). two gas atmosphere (Nitrogen Oxygen) to simulate sea level 
com |Misi lion. 
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2.7 Extra Vchicular/Intra Vehicular (F.VA/IVA) Provisions. I In* < irhiTcr snau pmxide ait 
internal airlock h>r crow~a»re*.- to ami Imtn the imprc*-iiri/od pa' ln.nl hav ami prc— itri/ed 
modules. Inr KV.VIVA operations. ami l«>r -pace re-rue. To support re-cue. all Slim f lc* Hitfhl* will 
mm KVA prmisums |nr two i rained crewmen and personal rescue -.y sit-ins Inr all other crew 
members. 

2.8 Redundancy. The redundancy requirements for nil flight vehicle subsystems (except 
primary structure. thermal protection -v.-teni. and pressure \esselst shall hecstabledtcd nn an 
individual suh-v-lcms ba-is. lull shall nni Ih- m-« l hail (nil -ale. "Kail sale" is defined as I hi* 
iihiliiy l«* sustain a l.niuri- and rt-iain the cap.-ihiliix in Micecsslully It-rtninalt- the mission. 
Redundant svsii-ins shall he designed so iha» tni-ir operational slants ntn ht* verified during 
unniml turnaround. and in the maxnmtm extent possible while in Might. 

2.9 Space Shuttle Main Engines (SSME). The Space Shuiilc- Main Engines will nteel the 
rccpiirenu-nts speeitied in the approved .-space >huiile Orhiier Vehn le/Main Engine ICI). Three 
engines will he used in ihe orl»nal Might contiguration. 

• 2.10 Reaction Control Subsystem (RCS). An Orhiier PCS shall provide ihiee axis angular 
control atid three axis translation including vernier capability. The UCS tankage shall Ik- sized 
for THD tt/sec. 


• 2.11 Orbital Maneuver Subsystem (OMS). The ()MS shall provide the propulsive thrust to 
IH-rfortn final injection into orhii. circiilstriwtiion. oriiit transfer remle/vmts and deorbit. The 
OMS tankage shall he sized for a Delist V capability ol I .(MM) ll/.-ec <:«»;• m.-seci based on Mission 
I. as defined in paragraph :Ua. Provisions snail be made to allow additional tankage to In* 
ineorporated in three Delta V increments n| .*»Ui It /see ih»'J ni/seel. each lor an overall total Della 
V capability ot -J.athl It/see (7T»J m/sec). The additional tankage and propellants will he located in 
the payload hav and the weiRhts and volumes thereol chnrRed to payload. 


2.12 Airbreathing Engine Subsystem ABES). DELETED 

2.13 Solid Rocket Boosters (SRB‘s). The SRHV will meet the n-cpiirements specified in the 
approved Space Shuttie Urniter Vehicle.- 1-71’ SKH Interlace Control Document .The two SUIT- 
will operate in parallel wit h t he main engines i«- pruvide impulse to t he ()rbi*er \ eltii-U* Iront lilt 
oITto singing. The SKH's shall be designed lor water recovery, refurbishment and siibsvipicnt 
reuse. As a design objective, the SKH ease should be capable of L’tt uses. 


2.14 External Tank (ET). The expendable External 'Tank will carrv all hydrogen and oxvgi-n 
propellant lor the main engines. 'The ET wiil eoploiin to the requirements of the approved Space 
Shuttle Orhiier Vehicle* ET Interlace Control Doeunu-m. 

2.15 Radiation and Avionics. - DELETED 


2.16 Communications Subsystem. The Orhiier shall be capable of direct voice command, 
telepietry and video i-oinmutiication with the ground. 'The Orhiier -hall be capable ol I 111) 
communication hv relax through a communication satellite system. Provisions shall be made to 
accommodate equipment lor secure voice and data communication. 

2.17 Landing System. The Orhiier Vehicle shall have an automatic landing system. 

2.18 Safety, Reliability. Maintainability and Quality. The provisions of NHH •'VWKi. I J ll>i. 
December 197 “Salely. Keltahiluy. Mamiauuibdilv and Quality Provisions lor the Space 
Shuttle Program” will apply lor the Space Shuttle Program. 

2.19 International Docking System. 'The Orhiier Vehicle shall meet the international 
requirements negotiated lor roinpaMhU- rendezvous. docking and crew tran-ler -vslein*. The 
ducking module will lie provided as an optional kn in the payload bay and will lie chargeable to 
payload. 
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3.1 General. The Space Shuttle System shall Ik- designed Jo iiceuiupH'h a wide variety of 

Illi-MIMI*. 

Tin- Shuttle System weight carrying capability into circular nrltil shall he based on the 
pcrlorin. utce required to execute mission d.\. ‘I he equivalent maximum performance is shown in % 
|i"iires :».l and 3.2 lor the ranee o| inclinations and altitudes indicated. The pavload capability 
curves assinne a simple deployment mission with no reiiile/\oti%. 22 I'ps Mi.!) m/seet ()\IS 
Reserves. 4.A00 Ihs. I J.t»4 1 ku» «*l RCS propellant, and direct deorhil. (Reentry perlormance 
restrictions are addressed in-Par 2.1. Detailed Shmtje System performance quest inns should he 
addressed to the ISC Shuttle Program Olliiel. 

Space Shuttle missions will involve direct delivery of payloads to specified low Earth orbits; 
placement ol pavlo.ids and transler stages in parking orbits lor subsequent transfer to other 
orhjl s; rc‘“V-QMis anil station kt-cuin'.: with detached na\loa<i» lor on-orhit checkout ; return ol 
payloads pTE.-irili troin a specilied orbit; and provisions lm runt me and special support In space 
activities, such as sortie missions, rescue, repair, maintenance, servicing, assembly, disassembly 
and dock in;:. 

3.2 Reference Missions. The reference missions for the Space Shuttle System are described 
below and shall he* used in conpinctinn with the other requirements specified herein to size the 
Space Shuttle Svstcin. For perlormance comparisons. Mission I will lu* launched from Kennedy 
Space Center (KS(') into a tM) nv Its) a. mi. ( lllxlha kmi insertion orbit and Mission 3 will lie 
launched into the same insertion orbit Iron; the Vandenberg AFH. 

a. A/i’ss/on /. Mission l is a pavlond delivery mission to a IAO n.mi. I J7H km) circular orbit. 

. The mission will be launched due east and requires a payload capability ol fiA.OOO lbs. UP. I S3 kg). 

I'he llooj .1 phase shall provide insertion into an orbit with a minimum n|Nigcc of HM* n.nu. t IhA 
km), as measured above the Earth’s mean equatorial radius. The purpose of this mission is 
assumed t<» be placement < >t a f>A.(H)t) lb. t2!). )H3 kg) satellite and. or retrieval ol a 32.000 lb. ( I l.AI A 
kgl satellite. The Orhiter Vehicle orhit translational Delta V retpiiremenls in excess of a .V) l»v lot) 
n. mi. I ildx 1 >•"» knit reterence orhii are <s»0 li/mr, (IPS m/.«er) Irani the Orbital Maneuver 
Subsystem lOMS) nnd IIH) ft/scc CM) m/sec ‘ train the RCS. 

' h. Mission 2. DELETED 

c. A/i’w’on :t. Mission 3 shall consist of two missions, one lor pavlond delivery and one for 
pavload retrieval. . 

H. h'issinn :t(A ). This mission is a payload delivery, mission to an orbit at 101 decree* 
inclination and return to the launch site in a single revolution. 'Phi 1 boost phase shall provide 
insertion into an orbit with a minimum apogee ol 100 n.nu. I ISA km) as measured above the 
Earth’s mean cquatoral ramus. The Orhiter Vehicle on-orbit translation Delta V retpiiremenls in 
excess ol a AO hv 100 n.mi. lf)3xlSA km) relerence «>rhit are 2f»0 tps 1 71* in/ we) from the Orbital 
Maneuver Subsystem (OMS) nnd l<K) Ips CM) m/sec) Imm the R( S. 'I’he ascent pavload 
requirement is 32.000 lbs. < 14. a la k ^ ) and the return payload is 2.500 lbs. (1.134 kg). 

e. Mission ,'tfHl. This mission is a payload retrieval mission from a 100 n.mi. 1 1 Ha km) 
circular orbit at 104 degrees inclination and return to i he launch site in one revolution. 'I’he ascent 
pavload weight is 2.A00 lbs. 1 1.134 kg) and the return payload weight is Jn.IMM) Ihs. 1 1 1.340 kg). 

The Orhitei Vehicle on-orhit translation Delta V requirement in excess ol a 100 n.mi. 1 1 HA km) 
circular orhit is 42A It/sec 1 130 m/sec) Irom the OMS. 'I’he translational De’ , .a V retpiirement from 
the RCS is 190 It. sec I AS no sec). 

3.3 Launch Azimuth. 'Hu- Space Shuttle System shall have a variable azimuth launch 
capability to satislv the acceptable lnunch-to-inscriioi\ azimuths from both the KSC and 
Vandenhorg A KR launch sites. 

3.4 Crossrungc. The Orhiter Vehicle shall have the aerodynamic rrosxrange capability to 
return to t lu* launch site at • he end ol one rev obit ion lor all imlinnl ions wit hilt t he Space Shuttle 
System cnpahiliiv. Crossrange is to Ik* achieved during entry, which is defined ns beginning at 
400.000 It. (122 km) altitude and ending al AO.OOO (|. (|A km) altitude. 
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5,5 Return Pnvlond. Tlw Orbiter Vehicle shall Imve ihe capability in land the design return 
tavload < »| :;.'.inhi lbs. 1 1 l.'il *i kgl with nominal wind and load I at i«r» and up lulta.imn Ills. ijp. \x\ 
return pavloads under increased landing enndiiinn rmixlriiiiiis 


3.A Load Factors. The Spate Shu* ilc System launeh irnjct o*rv icsidiajti Inad factor* shall not « 
exceed 'I («‘* lur the tlrhiier Vehicle. Thm* limits du nui apply in alMirl inode*. The-product nl l • 
forces and lime (‘hall nni be detrimental in ihe crew/passenger*. 

3.7 Turnaround. When npcrniiut: d ihe Spare Shuiile System Might hardware lumaruund 
lime from landing 'return In me launch lacilitx in launch readiness '•hall nui exceed IWt working 
hours covering a spun nl l-t calendar days lur any eiass mission. 


3.8 Launch from Standby. The Space Shuttle System design shall provide the capability In 
Ik* launched I rum a standby status within J hours, and hold in a standby stains lor Jl hours. 
Standby status is defined as ready lor launch except main propellant till, crew inures* and tinai 
systems verification. 




3.9 Rescue. To full ill the space rescue role, the Space Shut lie System shall ha\e theeapahiliix 
to launch within Jl hours alter the vehicle is mated and rendv lor transfer to ihe pari. II the 
s|Mcerrnfl requiring airl h.*s a docking system on that mission, the primary rescue mode will lie bx 
docking, with crow transler through a pressurized tunnel. Otherwise, emergency rescue will be 
with pressure suits and personal rescue systems outside the spacer-rail . The Orlnter Which- shall 
ho capable o| siip|*ortmg the survival ol. a t man crew lor Uti hours alter an in orbit contingency. 
Support lor additional personnel shall he provided by the Orlnter and charged to the payload per 
paragraph 2.f». 

* # l # # i 

3.10 Abort. The Space Shuttle System shall provide a safe mission termination capability 
through hII mission phases. The |H-rformani*e capability to meet this requirement is delim-d a> 
follows: 

a. f’mr and Cussen^er Ingress Through Lmtiu h Commit Chose. Thv emergency egress shall 
provide for crew and passenger evacuation to a safe area in a maximum time ol two minutes it nun 
crew ingress to swing arm retract I. . 

It. Ijuimh Commit Through Return to Silt- Cupnhilitv Chase. The Shuttle System shall 
have a performance capability ol intact (crew, payload and vehicle) abort and return to the 
launch site. The system design shall include adequate provisions loi Kxternul Tank separation 
and disposal. 

4 c. Return-tn-Site Thnntuh Orhit Insertion Chase. The Orlnter shall have the capability 
(with one main engine out ) to abort once around and return to the primary lauding site from the 
point in the llight trajectory where n direct return-to-sile capnlmitv ends. 

d. Or hi Ini and Reentry Chase. The abort mode alter orbit insertion shall he early mission 
termination and return to a suitable landing site. 

3.11 Loiter Time. - DKI.KTF.l) 


3.12 Orbiter Transport. The Orbital Vehicle shall he capable or living transported hv carrier 
aircraft. 

3.13 Mission Duration. Mission duration of 7 days shall he used to *ise the Orbiter lor self 
sustaining lifetime tln»m lilt-off to landing) lor a crew ol four in accordance with Section J.Y The 
Orbiter design shall not preclude the capability to extend the orbital slay lime up to a total ol .in 
days hv adding expendables. 


3.14 Unmanned Flight. The Space Shuttle Systems design shall retain the option fur 
unmanned vertical Might test operations. 

3.15 Launch Rate. • DKI.KTKD. RKFKK TO THK CURUKSTLY AI’IM(OVKI) IMiOCKAM 
DIRKCTIVK ON CONTKOI.I .HI) MILKSTONKS. 
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3. 1C Operational nates. . DKI.KTKI). KKKKH TO THK (TUUKNII.Y APPROVED 
PIUK iH AM DIRECTIVE ON CONT ROl.I.ED MII.KSTONKS. 


3.17 Orbitcr Vehicle Attitude-Constraint*. For the purpose ol thernvd control and thermal 
protection system design. the l«*llow in^ attitude constraints arc dctincd: 

Kt*r all missions with beta ancles (Orbit plane relative to the solar vector I in the ranee from n 9 to 
fill*, nnd tor :i axis inertial hold missions with beta ancles in-the ranee inmi iKt* to {Hi*, t he Orbitcr 
shall he designed lor a minimum Mitt hours attitude hold with no attitude constraints nnd a 
maximum at 12 hours pro-entry rundit inning. 

Fur missions with beta angle* in the range Irom fill* to 90* with wor-w case thermal orientation 
(other than .‘l-nxis inertial holds), the Orbitcr shall he designed tor repeated rvclvsnl a minmum 
hours altitude hold with no attitude constraints, followed hv a maximum ol :i hours thermal 
conditioning, and a maximum ol 7 hours pre-entry conditioning. 


t 


4.0 ORBITER/PAYLOAD INTERFACE REQUIREMENTS 

4.1 Payload Definition. Payloads referred to throughout this document are construed as the 
collective grouping ol spare hardware items suc h as: Spncelah. experiments, research equipment, 
satellites, support modules, adapters and lueled transfer stages or equipment, into appropriate 
composite flight packages. For net in it ion ol Shuttle.Orhiter payload accommodations, reler to 
Sparc Shuttle Svstem Pavload Aeront modal tons Document. In tS«- mteresi oi mum - 1 - 1 1 ■ ■ lt 
rpiniinum interlace. I clean interlace uhiiosnphvt. pmlond design-, shoidtl. wnere po»»d»ic be Ti 
Milliciont systems, capatde ot checkout lie I ore install. mnn in I h.- Printer and acant mu* to 
Mnnd.irdi7.ed interlace concents inmiiv devcloned between navioatis ana Space .shuttle. 

4.2 Checkout. Pavload performance testing and pavload system checkout will he required 
prior to installation. fVivInad checkout whiie <»n the launch pad will minimized and n'ndcnl 
aCLO-sJo the pavload wm l»e l:m,Ud. (>n-urmt status checks <»l Mu* dumq.ki win t.e provided via 
the Orb iter nrinr to release and/or retrieval. 

4.3 Data Mang^crnont. The Orbitcr shall provide standard displays and cnntnds tor 
monitoring the safety status ol the payload. The payload shall provide to the Orbitcr. at the 
interface, such information concerning »hc status or condition ol the pavload as is* necessarv to 
insure safe vehicle operation. Digital, discrete, and analog signals shall he conditioned by the 
payload and supplied to the Orhiter Vehicle. Suc h equipment and capnliiiitv shall he ck.ir*. tide 
tiithe payload. Pavload unique control nnd display accommodation with the Orhiter cabin shall 
Ik* chargeable to the payload. A minimum standard interlace shali In* provided to exchange data 
lor safety and pavload status checss, and vehicle and operational para teeters such a> n:ivu.’.tta'77 . 
guidance and control. Additional support may he leasihle during cerium operational mode-. 


4.4 Payload Communication. The Orhiter shall provide rlir.ii and re lav iclL-me'rv . 

K nd. and two wav voice capability with a ttached navloads and wi*h released navInaii^J'uii 
_shail lie capable ol receiving and displaying limited navl-od data including video 
information and the :KF ciowr.lmk shall provide lor relay ot these limited pavload d.it.i to the / 
ground for lioih attached pavioacts and lor released payloads. 


4.5 Payload Safety. Pavloa k * elements shall have self-ecmtnined protective devices or 

C rovi*ions against payload generated hazards while the pavload is attached to the Orhiter. 

laznrds generated hv the Orhiter payload interactions during load, transport, deploy nnd 
recovery activities shall he identified and mutually resolved by the Shutl le and payload program 
office*. 
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4.6 Contamination. The* Orl»i»c*r Whirl** chilli l»r designed to minimise the generation, 

introduction and accumulation oi contaminant* wifhin ihr cabin. pnvload liny, ami around 
attached pavloadmodul*-*. I'avioad and Orbner IK’S thruster exhaust shall not impinge or hr 
reflected on depioved |i.ivkul< or mm ilu* open pavioad iiay. Thr loial Irvrl ot contamination 
'willdn I hr pavlond l»av iroin ail sourrvft shall hr controlled lo minimize ilu* cited* on pavioad.** 
during all phase* oi Shuttle operation*. % 

4.7 Power. Thr Orhilrr elec*rinl power system shall provide for pavlond electrical cncrgv 
allowance ol not less than 5tt kwh in »he l»*rm ol l)(’ |mwcr in |iay|ceid* through I hr Orhilrr furl 

. cells. For missions with greater energy requirements. kit* of approximately Hill kwh each will In* 
provided ouisidr ihr !.*» II. hv 001*. l4.*>xlH.2 meter*! clear pavioad volume and will hr chargeable 
lo pavlond. Power supplied hv the Orhiur tor pnvload on orlui consumption will he limited to 7 
kw average and 12 peak. (Maximum duration peak power levels will he limited lo 15 minutes 
duration at no less than d hour intervals.) 

4.8 Attitude Control. Stability and attitude wntml requirement* hrvond those of ihr basic 
Orhiter Vehirlr shall hr provided hv the pavioad system. The Orhilrr Vehirlr shall he capable ol 
pointing at anv around, eeirs'ial. ororhiial object within ±0.5 degree*. The Orhilrr shall also he 
rapahle of accepting rompatihlc commands Irom a payload supplied and pavioad mounted 
sensor lor positioning. 

4.9 Rendezvous and Docking. The Orhiter Vehicle shall have an onboard capability to 
rendezvous and dock with an tn-piane cooperative target or a passive stabilized orbiting clement 
displaced up to. UK) n.mi. (55.5 km). For Orhiter Vehicle preplanned docking mission*. lltc'dockiug 
mechanism will he installed in the payload hay. The weight ot the docking mechanism and 
associated attachment titling* shall he chargeable to the payload. 


4.10 Payload Attachment. The Orhiter shall provide standard discrete attachment points for 
mounting payloads. These attachment points shall hr located along the pavioad hav.' to 
accommodate different payload lengths and to allow for random order retrieval ot multiple 
payloads. 


4.11 Payload Deployment and Rctricvnl Mechanism. The Orhilrr shall provide a pnvload 
deployment and retrieval mechanism unit n sh.tii he slowed outside the i*0li . t IS. 2 meters I length 
by 15 ft. ( I..*. meters) diameter pavioad volume. This mechanism shall deploy the payload clear of 
the Orhiter mold line. Release ol the pnvload Irom the deployment mechanism shall leave the 
Itnvload and the Orhiter with oniy small residual rates. Spin-up capability, it required, will he 
accomplished by the pavioad. 


For retrieval, the Dcplovmcnti Retrieval Mechanism shall interface with pavlond* designed for 
retrieval and. alter attachment ot the mechanism to the payload, shall align the pnvload in the 

K ylond hav to accommodate secure stowage of the payload. Additionally, the Pavioad 
tployinent and Retrieval Mechanism shall hecapahleot supporting the payload in the deployed 
position under the attitude stabilization and docking loads. 


4.12 Payload Bay Vents. Provisions lor venting the payload hav shall he provided hv.Jhe 
Orhiter. This vent system shall minimize the im|iact of venting upon the attitude rnntml system. 

4.13 Payload Bay Access. The Orhiter and launch facility shall permit acc ess to the pavioad 
hay for payload installation, service, anci removal in the Orhiter (light preparation area and on 
the launch pad. Access lor personnel and cargo to the pa load hav shall also Ik* available through 
the hatch, which interlaces the Orhiter crew compartment with the pavlond hay. (imund access 
lo the payload hay wail he iimitcd to the period up to TK1) hours before launch. 


4.14 Propulsive Stages. The Orhiter design shall include provision* lor fill. vent, drain and 
dump of liquid propellant* ol propulsive stage*. 


4.15 Acoustic Environment. The Orhiter Vehicle pavlond hay interior sound pressure level 
shall not exceed a maximum overall o| THI) dB during lilloll sequence (T ~ 10 sees.) and Till) 
dB during other mission phase* lor the spectral frequency distribution shown in figure 1*1. 
(Figure 4-1 to lie supplied at a later date). 
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Distant from forward payload bay envelope in meters 


FIGURE 2-2 VERTICAL C.6. EwVELuHE 
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FIGURE 2-3 - LATERAL C.G. ENVELOPE 
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